Purpose: To report Demodex infestation in pediatric blepharoconjunctivitis.
FL) to retrospectively review the medical records of 12 patients (24 eyes) who were proven to have ocular demodicosis and were seen at Ocular Surface Center, Miami, FL (2 cases), the practice clinic of Steve Safran MD (4 cases), and the Department of Ophthalmology, The Second Affiliated Hospital, Fujian Medical University, China (6 cases) ( Table  1) . Ocular demodicosis was confirmed in cooperative patients (10 patients) by microscopic examination of epilated lashes as previously reported. 11, 24 Briefly, 2 lashes with CD were epilated from each eyelid under slit lamp and mounted on glass slides. One drop of saline or fluorescein solution was applied to dissolve the CD and to allow embedded Demodex to migrate out. The total Demodex counts were determined under a light microscope. For noncooperative patients, epilation was carried out under general anesthesia (1 patient) and 2-4 lashes were removed from each eyelid for more thorough assessment. One patient refused epilation, and therefore, the diagnosis was made by the presence of CD on the root of lashes, a reliable diagnostic sign as previously reported. 11 Six patients received eyelid scrubs with 50% TTO 3 times weekly for 4-6 weeks similar to what has been reported. 8, 9, 25 In brief, a cotton tip wetted in 50% TTO was used to scrub the lash roots from one end to the other. A total of 6 strokes were applied to each eyelid. A dry cotton tip was used to remove excess TTO and loosened CD from the eyelid margin 5 minutes later. This procedure was repeated for a total of 3 times with 5 minutes of rest between each repetition. The other 6 patients, who were not cooperative to the TTO eyelid scrub, received eyelid massage with 5% TTO ointment twice a day for 4-6 weeks as follows. After washing the face and eyelids with baby shampoo or soap and rinsing with warm water, a small amount of 5% TTO ointment was smeared onto both index fingers. With the eyes closed, the eyelid margins were massaged from one end to the other, for 5 minutes, leaving the ointment without washing. Demodex counts were repeated after 4-6 weeks treatment in 4 patients in which a second epilation was amenable. The medical records, including the history of present illness, results of complete eye 
RESULTS
These 12 patients included 7 women and 5 men, with ages from 2.5 to 11 years. Demographic and other clinical features are summarized in Table 1 . Their symptoms included redness (18 eyes in 9 patients), itching (16 eyes in 8 patients), pain (10 eyes in 5 patients), blurred vision (9 eyes in 5 patients), light sensitivity (8 eyes in 4 patients), foreign body sensation (8 eyes in 4 patients), recurrent multiple chalazia (8 eyes in 4 patients), and tearing (4 eyes in 2 patients) lasting for 2 months to 3 years. Before referral, they were all diagnosed as blepharoconjunctivitis. In addition, allergic conjunctivitis was also suspected in 4 patients and keratitis was noted in another 4 patients. These symptoms persisted despite prior treatments including topical antibiotics (12 patients), topical steroids (11 patients), topical antiallergy eyedrops (4 patients), eyelid scrub using baby shampoo (4 patients), oral erythromycin (2 patients), and tetracycline (1 patient) for 2 months to 1 year. One patient had a prior history of ocular rosacea. There was no history of notable systemic disorders except for hay fever in 1 patient (case 10) and allergy to dust mites in another (case 3).
At presentation, 10 of 12 patients had CD in their lashes, which was sporadic in 9 patients and diffuse in 1 patient (Fig. 1A) . The other 2 patients did not show obvious CD at the lashes. Microscopic examination revealed Demodex mites in all 11 patients in which epilation was amenable (Table 1) , including the 2 patients that did not show CD. Demodex folliculorum was found in 10 patients and Demodex brevis in one (case 1). The Demodex counts are listed in Table 1 . Lashes were maldirected in 8 eyes of 4 patients, although not to the extent of trichiasis. Severe eyelid margin swelling was also noted in 2 eyes (Fig. 1B) . Ten patients had bilateral meibomian gland dysfunction defined by plugging of the orifice or poor expression of the meibum on digital expression. Four patients also presented bilateral multiple chalazia with 2-6 recurrences. All patients had notable conjunctivitis as evidenced by redness involving bulbar conjunctiva (Fig. 1C ) and papillary follicular reaction involving bilateral upper and lower tarsal conjunctiva. In addition, corneas showed subepithelial infiltrates in 3 eyes (Fig. 1D ), paracentral corneal ulcer in 2 eyes, neovascularization in 2 eyes, phlyctenular keratitis in 2 eyes, and superficial punctate keratopathy in 2 eyes (Table 1) .
After eyelid scrub with TTO or eyelid massage with TTO ointment, CD disappeared from the eyelashes (Fig. 1E ) with reduction of Demodex counts to 0-1 in the 4 cases in which a second epilation was amenable. Just 1 week after treatment, all patients reported subjective improvement of ocular surface irritation, followed by complete resolution of eyelid margin swelling ( Fig. 1F ) and conjunctival redness (Fig.  1G ). Papillary follicular reaction and all corneal lesions including ulcer, punctate keratopathy, and infiltration were gone within 2 weeks (Fig. 1H) . A localized anterior stromal scar remained in 1 eye (case 10) that initially presented with scattered subepithelial infiltrates. Visual acuity was improved by 1 Snellen line in 3 eyes, 2 Snellen lines in 4 eyes, and 5
Snellen lines in 2 eyes. During a mean follow-up of 8.3 6 4.6 months (range, 5-18 months), 1 patient (case 3) had 1 recurrent episode of blepharoconjunctivitis, which was successfully treated by another round of TTO treatment. Three patients with multiple recurrent chalazia were treated by bilateral chalazion incision (4 eyes of 2 patients) or intralesional steroid injection (2 eyes of 1 patient), with no further recurrence during the follow-up period.
Representative Case Report (Case 1)
A 2.5-year-old boy had bilateral intermittent itching, redness, and multiple chalazia for 10 months. No improvement had been achieved after 5 months of treatment with hot compresses, eyelid scrub with baby shampoo, topical tobramycin and dexamethasone, and erythromycin ointments. On presentation, chalazia were located in the temporal upper eyelid and central lower eyelid of the right eye and in the temporal lower eyelid of the left eye with erosion in the overlying skin ( Fig. 2A ). Although Demodex blepharitis was suspected, microscopic examination of 8 lashes from 2 eyes epilated under general anesthesia did not reveal any mites. Intralesional injection of triamcinolone (Bristol-Myers Squibb Company, Princeton, NJ) resulted in complete resolution of chalazia. However, multiple chalazia recurred 2 months later in new locations: the central upper eyelid and nasal lower eyelid of the right eye and nasal and temporal lower eyelid of the left eye. Repeated examination under general anesthesia showed inflammation involving the eyelid margin and palpebral and bulbar conjunctiva ( Fig. 2B ) and prominent follicular reaction in the fornix and palpebral conjunctiva of both eyes (Fig. 2C) . The meibomian gland orifices were plugged (Fig. 2D ). Both corneas were normal. In addition, both lower eyelids showed sporadic crusting ( Fig. 2E ), but the upper eyelids showed sporadic CD (Fig. 2F ). Microscopic examination of 16 lashes from both eyes revealed one D. brevis (Fig. 2G) . Eyelid margin and conjunctival swab cultures were negative for bacteria and fungi. After 1 week of TTO treatment, the patient's symptoms were relieved completely, the lashes were clean without CD, and the conjunctival inflammation was resolved. No recurrence was noted during the follow-up period of 6 months.
DISCUSSION
Although Demodex has been implicated as a potential cause of blepharoconjunctivitis in adults, 8, 9, 12, [26] [27] [28] its role in children remains unclear. In this study, ocular demodicosis was diagnosed in 12 pediatric patients with blepharoconjunctivitis resistant to conventional therapy. Furthermore, TTO treatment was shown to be effective in resolving symptoms in these patients. These results suggest that demodicosis may be an overlooked cause of refractory pediatric blepharoconjunctivitis.
Diagnosis of pediatric demodicosis is challenging, if not problematic, because of their poor cooperation during examination and lash sampling. Although CD is a reliable sign for ocular demodicosis in adults, 11 it may be less apparent in pediatric patients, as shown in 2 of our cases where Demodex mites were present without CD. Hence, the true frequency of CD in pediatric blepharoconjunctivitis is unknown. Furthermore, the Demodex count could not be accurately assessed in children because it was difficult to epilate 2 lashes from each eyelid as is advised for adults. 11 For case 1, detection of one D. brevis required epilation of 16 lashes under general anesthesia. Because D. brevis is known to burrow deep in sebaceous and meibomian glands, it may escape detection by lash sampling. Despite these limitations, we achieved microscopic detection of mites in all patients but one. In view of the fact that demodicosis is thought to be rare in the normal pediatric population, [12] [13] [14] detection of a small number of mites is already of significance.
The high incidence of meibomian gland dysfunction contrasts with previous reports that meibomian gland dysfunction is mostly limited to the elderly and never found in children under 10 years. 29 This may be due in part to irritation caused by D. brevis, which might also account for the high recurrence rate of chalazia in children, which is reported to be 17%-25%. 30, 31 Future studies are needed to determine whether multiple recurrent chalazia are caused by mite infestation and if so, whether TTO can be a more effective treatment to prevent such recurrences. Our study also found a high incidence of keratitis associated with blepharoconjunctivitis, which is well documented in adults 2,32 but is infrequently reported in pediatric blepharoconjunctivitis. 1, [3] [4] [5] Although Staphylococcus epidermis and Staphylococcus aureus are implicated as the main pathogens in pediatric blepharoconjunctivitis, 4, 5 Demodex mites may serve as a vector to carry these bacteria and keep them in the eye. 33 In fact, there is a strong association between the mite's abundance and S. aureus. 28, 34 Future studies of comorbidity between demodicosis and microbial infection may shed light on the exact pathogenesis.
In agreement with published reports, 1,3-5 topical broadspectrum antibiotics required a prolonged course or were relatively ineffective for our patients. In contrast, eyelid scrub with 50% TTO or eyelid massage with 5% TTO ointment resulted in dramatic alleviation of symptoms and marked resolution of inflammation in the eyelid margin, conjunctiva, and cornea. This was consistent with our success in treating adult Demodex blepharoconjunctivitis using TTO. 8, 9, 25 The 2 treatments were equally effective in eradicating mites, although we presume that they may act differently. The 50% TTO has direct killing effect on the mites, whereas the 5% may interrupt their life cycle by preventing mating.
Collectively, our results suggest that ophthalmologists should consider the possibility of demodicosis in children when presenting with blepharoconjunctivitis. Furthermore, ocular demodicosis might be present in pediatric patients during their first decade even when they are not systemically immune compromised. Further study on the pathogenic role of Demodex infestation in children with blepharoconjunctivitis might help establish the diagnostic criteria of pediatric Demodex blepharoconjunctivitis. 
